Culturally different population groups have distinct infant feeding practices, which presumably may be related to diverse occlusal features in the primary dentition. Aim: To investigate the associations between nutritive and non-nutritive sucking habits and the prevalence of anterior open bite, in children from Aragua-Venezuela and São Paulo-Brazil. Methods: Seven calibrated examiners (κ = 0.89-1.0) performed clinical assessments in Venezuelans (N = 809) and Brazilians (N = 1,377) aged 3-6 years. Sucking habits were investigated using questionnaires answered by the mothers. Data were analyzed using logistic regression models (α = 0.05). Results: Among 380 children with anterior open bite, 309 were Brazilians. Approximately 65% of Brazilians with pacifier-sucking habit lasting beyond 3 years of age had this malocclusion. Brazilians who prolonged pacifier and digit-sucking habits beyond 3 years of age have, respectively, 68.5 and 14.5 times more chances of presenting anterior open bite than children without sucking habits (p < 0.001). In Venezuelans with open bite, 37.7% had digit-sucking habits beyond 3 years of age, resulting in a high odds ratio (9.3; p < 0.001) when compared to children without this habit. No significant effect was found for bottle feeding. However, non-breastfed Venezuelan children or those breastfed for periods shorter than 6 months have a two-fold higher chance of presenting anterior open bite than children who were breastfed for longer periods, p = 0.008. Conclusions: Infant feeding had some effect on Venezuelan children, since insufficient breastfeeding was related to a higher prevalence of anterior open bite. Pacifier-sucking was more prevalent in Brazilians, corresponding to pronounced chances (8-68 times greater) of diagnosing anterior open bite in pacifier users compared to non-users. Among Venezuelans, on the other hand, digit-sucking effect surpassed that of pacifier use and was associated with far higher chances (6-9 times) for this malocclusion.
Introduction
Breastfeeding should be extensively promoted as opposed to bottle feeding and non-nutritive sucking habits, as far as it concerns the morphological, immunological and psychological aspects of child development [1] [2] [3] [4] [5] . Even though the relationship between prolonged non-nutritive sucking habits, especially pacifier use, and malocclusions in the primary dentition is well established [3] [4] [5] [6] [7] [8] [9] [10] , the effect of bottle feeding is still controversial. Some studies diverge not only on the association between bottle feeding and the occurrence of malocclusions, but also as to the type of occlusal alteration [5] [6] [7] [8] [11] [12] . In addition to methodological differences, there are sociocultural features involved in the development of sucking habits 9, [13] [14] [15] . A multicenter study, conducted on samples of 49 to 60 girls at 3 years of age in seven countries reported differences in the prevalence of sucking habits and some malocclusions, but no data were recorded on the prevalence of anterior open bite 13 . Open bites deserve clinical attention because the related dentoskeletal and myofunctional alterations require complex orthodontic treatment, which may include surgical procedures if there is no self-correction or interceptive treatment 4, 16 . In childhood, the occurrence of anterior open bite is markedly associated to extended non-nutritive sucking habits 4, 5, [7] [8] [9] [10] [11] [12] 14, [17] [18] [19] [20] [21] [22] and possibly related to bottle feeding 8, 11 . Thus, the present study aimed at evaluating the effects of nutritive and non-nutritive sucking habits on the prevalence of anterior open bite in preschool children from AraguaVenezuela and São Paulo-Brazil.
Material and methods
The research project was approved by Institutional Review Boards in Venezuela (protocol #014-2008) and Brazil (protocol #13505843), in compliance with the Helsinki Declaration.
Sample selection
In the state of Aragua (north-central Venezuela), among a total of 1,000 children recruited, information was selected from 809 (414 girls, 395 boys), enrolled in 12 public preschools in the cities of Girardot (N = 320), Mario Briceño Irragory (N = 217) and Santiago Mariño (N = 272), which are close to the capital Maracay. In the state of São Paulo (southeastern Brazil), specifically in the eastern region of São Paulo city, the sample comprised 1,377 children (687 girls, 690 boys) selected among 2,700 students enrolled in 11 public preschools. Information on the general health of the children, sociodemographic characteristics (name, birth date and sex of the children, monthly family income and parents' educational level), methods and duration of infant feeding and history of non-nutritive sucking were investigated by a prestructured questionnaire answered by the mothers.
Most families in both samples presented low-to-medium income. The Brazilian sample was geographically located in a strongly industrialized region with marked effect of capitalism. Venezuelans, however, lived in smaller less industrialized cities. According to the mothers' information, most parents had attended high school and, in general, completed this educational level. It was estimated that up to 10% of parents had college education.
Children included in Venezuelan and Brazilian samples met the following criteria: age range from 3-6 years, the predominant chronological age was 5 years, followed by 4 years in both Venezuelan (63.7% and 30.8%) and Brazilian (39.2% and 35.4%) samples; compliance during clinical examination; complete primary dentition, without erupted or erupting permanent teeth; absence of extensive carious lesions, coronal destructions or proximal restorations that might alter occlusion; no early loss of primary teeth and/or dental anomalies of shape, number, structure and eruption; and no syndromes and/or cleft lip and palate or any other developmental anomalies that might impair breastfeeding. Children had never been submitted to orthodontic treatment or speech therapy. Some children were excluded from Venezuelan (N = 191) and Brazilian (N = 1,323) samples because their parents did not sign the free and informed consent form, their mothers did not return the questionnaires, some questionnaires were answered ambiguously or incompletely, or the children did not meet the inclusion criteria.
The structured questionnaire was previously validated in a pilot study in Brazil to analyze the reliability of responses given by 30 mothers who answered it twice, with a six-month interval between the first and second survey. This group of 30 mothers was not included in the study samples. All variables presented high intra-examiner agreement, with Kappa (κ) coefficients of approximately 0.93 3, 4, 6 . A Venezuelan version of the Brazilian questionnaire was prepared by a native orthodontist, who considered linguistic meaning, social issues equivalence and cross-cultural translation 23 , and then revised by the researchers who first planned the questions.
Occlusal assessment
Clinical examinations were conducted by four dentists in Venezuela and three in Brazil, who had been properly calibrated (κ = 0.89-1.0). Occlusal assessments were performed in school environment, with the child comfortably seated in an upright position under artificial light source. By visual inspection, with the child occluding in maximum intercuspation, the overbite was classified into three categories 
Study groups
Venezuelans and Brazilians were divided into different bottle feeding 2, 11 , breastfeeding 15 , pacifier-sucking 20 and digitsucking groups according to the duration of these habits (Table 1) .
Statistical analyses
A binary logistic regression model with multiple explanatory variables was adjusted, including infant feeding methods, non-nutritive sucking habits and two population groups, to analyze a possible effect of geographic location/ culture on the frequency of anterior open bite. The reference explanatory variables for comparisons were: Venezuela (geographic location/culture), absence of history (bottle feeding, pacifier use and digit-sucking habit) and no breastfeeding. Two additional logistic regression models were adjusted to analyze the effect of sucking habits duration on the prevalence of anterior open bite in Venezuelans and Brazilians. The significance level was set at 0.05 and the analyses were performed using the MINITAB® 14 (Minitab Inc., State College, PA, USA) software. Table 3 . Table 3 . Table 3 . Table 3 . Table 3 . Logistic regression model presenting explanatory variables with significant effect on the prevalence of anterior open bite, in Venezuelan children.
Results
Considering both population groups (N = 2,186), 1,806 children did not present anterior open bite. However, among the 380 children with this malocclusion, 309 were Brazilians. Despite the high number of Brazilian children with anterior open bite, the logistic regression model adjusted for combined analysis of all explanatory variables did not indicate a significant effect of geographic location. In the total sample, including Venezuelans and Brazilians, only the duration of pacifier and digit-sucking habits demonstrated statistically significant effects on the prevalence of anterior open bite (Table 2) .
Because each type of sucking habit may have a different effect according to the sociocultural characteristics of the two population groups, individual logistic regression models were adjusted for Venezuelan and Brazilian children.
In the Venezuelan sample, besides the significant effects of non-nutritive sucking habits, which corroborate those in Table 2 , breastfeeding extended to or beyond 6 months of age was significantly associated to decreased prevalence of anterior open bite (Table 3 ). For this model, the reference explanatory variables were: no breastfeeding and breastfeeding for a period shorter than 6 months (these subgroups were combined, since only three children had never been breastfed) and no history of pacifier and digit-sucking habits. Concerning pacifier-sucking, there was a very small number of children with anterior open bite that persisted with the habit beyond the age of 3 years (N = 1). Thus, positive and negative histories of pacifier use were considered.
Children who were never breastfed or those who were breastfed for less than 6 months would have 2.08 (1/0.48) times more chances of presenting anterior open bite than those who were breastfed for 6 months or longer (Table 3) . Table 5 . Table 5 . Table 5 . Table 5 . Table 6 . Table 6 . Table 6 . Table 6 . Table 4 . Table 4 . Table 4 . Table 4 . Table 4 . Prevalence of anterior open bite according to breastfeeding duration and digit-sucking persistence in the Venezuelan sample (N = 809).
In a subgroup of 582 Venezuelans who were breastfed for 6 months or longer, only 5.7% (N = 33) had anterior open bite (Table 4 ). It should be noted that, in Venezuelan children, the effect of digit-sucking habit was more accentuated than pacifier use. Children with persistent digit-sucking habits beyond the age of 3 years (majority in the subgroup of digit suckers) would have 9.34 times more chances of presenting anterior open bite compared to those without this habit (Table  3 ). In the two groups with history of digit-sucking, the frequencies of anterior open bite were higher compared to children without this habit, reaching up to 37.7% in those who persisted with the habit beyond 3 years of age vs 6.1% in the counterpart (Table 4) . In the Brazilian sample, the effects of pacifier and digitsucking habits on the prevalence of anterior open bite surpassed any possible influence of other explanatory variables (Table 5 ). Pacifier use was very frequent in Brazilians ( Table 1 ). The chances of diagnosing anterior open bite would be surprisingly high if the pacifier-sucking habit persisted beyond the age of 3 years (OR = 68.51, p < 0.001). 
Discussion
The prevalence of anterior open bite was four-fold higher in the Brazilian sample as compared with the Venezuelans. Notwithstanding the scientific relevance of this finding, the present study results should be carefully interpreted, since the sample analyzed in Venezuela is not representative of the country, yet provides indicators of regions close to the state capital of Aragua, Maracay. Similarly, the Brazilian sample provides epidemiological indicators of the eastern region of São Paulo city and due to the wide geographic dimensions and cultural peculiarities between and within states the frequencies of malocclusions and sucking habits may be different in relation to other cities.
Based on Table 4 Most Venezuelan and Brazilian parents have attended high school and some of them studied at a university, albeit with low-to-medium registered income. Information on monthly income and parental schooling are in agreement with that reported by previous research 5 . In fact, the effective role of some sociodemographic variables on malocclusion etiology, mainly in the primary dentition, is not completely elucidated [7] [8] . Nevertheless, it may be assumed that parental schooling, family income and social class exert some positive effect on routine health practices 5, 12, 18 . Considering both population groups, the effects of nonnutritive sucking habits were predominant in the chances of occurring anterior open bite (Table 2) . Children who persisted with pacifier use beyond 3 years of age would present 44 times higher chances of having anterior open bite compared to those without history of this habit (p < 0.001), corroborating previous studies 4, 5, [8] [9] [10] [11] [12] 18 . In the Brazilian sample, the effect of pacifier-sucking extended beyond 3 years of age was stronger than digit-sucking (Table 5) . Similarly, in a Portuguese sample, the chances of diagnosing an anterior open bite in the primary dentition were higher among pacifier users (OR = 61.7, p < 0.05) than in children with thumbsucking habit (OR = 5.6, p < 0.05) [9] [10] . In some Brazilian 4 , Spanish 21 and Portuguese 9 samples pacifier use has been reported with much higher frequency, compared with digitsucking. The opposite effect was observed for Venezuelan children (Table 3 ). This finding is in agreement with data from a Nigerian sample of children aged 2-5 years, in which the frequency of digit-sucking (59.6%) surpassed that of pacifier use (4.5%) 14 . Moreover, extending breastfeeding to 6 months of age or longer was associated to lower frequency of anterior open bite in Venezuelans (Table 3) . Non-breastfed children or those who were breastfed for less than 6 months would have 2.08 times more chance of presenting this malocclusion (p = 0.008). Breastfeeding was found to be a protective factor, stimulating the skeletal and muscular development of the child's face 3, 8 . Open bite in the primary dentition was already associated to absence of breastfeeding or early weaning in two Brazilian studies 4, 18 . Interestingly, in the Venezuelan sample, a higher frequency of anterior open bite was associated to weaning in an earlier period of life (< 6 months) in relation to previous study 18 . Peres et al. 18 (2007) stated that breastfeeding for less than 9 months was a significant risk factor for developing anterior open bite. Romero et al. 4 (2011) explained that breastfeeding interrupted between 6 and 12 months of age, or beyond 12 months of age, positively influenced dental occlusion, when compared with the complete absence of breastfeeding. However, breastfeeding for longer than 12 months of age had by far the best effect.
According to this study findings, it seemed that the protective effect of breastfeeding for periods equal to or longer than 6 months on the development of anterior open bite may have been obscured by the high frequencies of pacifier use among Brazilian children 1, 2, 4, 5, 12, 13 . Nevertheless, it should be emphasized that breastfeeding beyond 6 months of age has a beneficial effect for avoiding the establishment of nonnutritive sucking habits 1, 2, 8 , thus indirectly favoring craniofacial development and preventing the occurrence of malocclusions and myofunctional alterations 3, 4, 17 . Although some authors reported the effect of bottle feeding on the higher prevalence of anterior open bite 8, 11 , the present study did not support this kind of association. This disagreement may be related to methodological differences, especially in the categorization of feeding groups, and sociocultural aspects. Furthermore, bottle feeding alone was not directly associated with higher prevalence rates of increased overjet and Class 2 canine relationship in the primary dentition 6 . The effects of both analyzed non-nutritive sucking habits on the prevalence of anterior open bite were demonstrated by population group (Tables 3 and 5 ). However, the diagnosis of anterior open bite in some Brazilian children who did not use pacifiers (5.1%, Table 6 ) and Venezuelan children without history of digit-sucking (6.1%, Table 4 ), specifically mentioning that in the latter sample only 3 participants with anterior open bite were pacifier users. This encourages further studies on the possible role of other factors in the etiology of the types of malocclusion evaluated. Some authors stated that non-nutritive sucking habits, in addition to the direct influence, would also have an indirect effect on the etiology of malocclusions by the association with an abnormal swallowing pattern 17, 22 . Anterior open bite has been related to a skeletal pattern with lower values for overbite and mandibular ramus height 24 . There was association between facial morphology and anterior open bite in children at 6 years of age. Children with mesofacial or dolichofacial morphology exhibited higher prevalence of this malocclusion 19 . Prolonged non-nutritive sucking habits and hyperdivergent facial pattern may be significant risk factors for the development of anterior open bite 10 . From primary to mixed dentition, there is a tendency of self-correction of the anterior open bite after interruption of the non-nutritive sucking habits 10, [21] [22] . The diagnosis of anterior open bite, careful examination is mandatory, since this malocclusion may be diagnosed with other anomalies, i.e., posterior crossbite and tongue thrust. An anterior open bite alone will probably self-correct whenever the nonnutritive sucking habits are discontinued. Therefore, the dental team must be prepared for counseling parents or caregivers. Great efforts should be made to help the child discontinuing non-nutritive sucking habits before 3 years of age 20 , to prevent structural and myofunctional alterations that might sustain the morphological malocclusions 17 . Considering that bottle feeding has been related to the pacifier-sucking habit as soon as the child has teeth and is able to perform masticatory movements, replacing the achievement of nutrients via baby bottle 4 .
In sum, this study demonstrated that anterior open bite was much more frequent, i.e. four-fold higher, in Brazilian children than in Venezuelans. Interestingly, considering only the Venezuelan sample, insufficient breastfeeding was related to a greater prevalence of anterior open bite in the primary dentition. Venezuelan children breastfed for 6 months or longer would have less chances of developing this malocclusion. Concerning non-nutritive sucking habits, pacifier-sucking was more prevalent in Brazilians, thus corresponding to increased chances (8-68 times greater) of diagnosing anterior open bite in pacifier users compared with non-pacifier users. In Venezuelans, digit-sucking effect surpassed that of pacifier use and was associated to far higher chances (6-9 times) for anterior open bite.
